The importance of the matrix metalloproteinase-7 (MMP-7) and nestin immunomarkers, C-kit proto-oncogene (CD117), and the efficiency of the Ki-67 proliferation index for gastrointestinal stromal tumors were evaluated.
Background
Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors with specific histological characteristics that are primarily localized in the gastrointestinal system and abdomen. Normally, interstitial Cajal cells, which regulate peristalsis in the gastrointestinal system, are found in and around the myenteric plexus of the intestinal wall. It is thought that GISTs are mesenchymal tumors originating from Cajal cell precursors [1] and that a mutation in the C-kit proto-oncogene (CD117) protein found in the Cajal cells plays a role in the pathogenesis of the GISTs. In some of these tumors, a mutation in the platelet-derived growth factor receptor alpha gene, another tyrosine kinase proto-oncogene, is seen instead of the C-kit mutation, but in others, no mutation is detected [2] [3] [4] . CD117 acts as a receptor for growth and stem cell factors, and the receptor-ligand relationship between these factors and C-kit activates internal tyrosine kinase, which is followed by the phosphorylation of intracellular proteins and the activation of cell signaling pathways. These series of events are important in regulating the proliferation, apoptosis, adhesion, and differentiation in many cell types, including the interstitial Cajal cells [5] .
While C-kit activation is sufficient for interstitial Cajal cell hyperplasia, additional oncogenic events are required for actual neoplastic GIST formation [3] . Since omental and mesenteric primary stromal tumors display the typical immunohistochemical profile of GISTs, and since interstitial Cajal cells are not found in this location, it is believed that GIST may develop from multipotent mesenchymal stem cells (interstitial mesenchymal precursors) [6] .
Matrix metalloproteinases (MMPs) are calcium-dependent endopeptides containing zinc, which are involved in the disruption of the extracellular matrix and remodeling of the tissue. The MMPs provide hemostasis by increasing in normal tissue at the physiological state [7] . Nestin is an intermediate filament protein that is responsible for the rapid division of progenitor cells during tissue renewal and development [8] . The labile marker of proliferation Ki-67 is a non-histone nuclear protein that is closely related to the cell cycle and growth, the mid-G1, S, and G2 phases of the cell cycle, and mitosis [9] .
Currently, the most valid immunohistochemical method for diagnosing GISTs is the demonstration of the C-kit mutation in CD117 [10] . In our study, we examined the expression of the MMP-7 and nestin immunomarkers and CD117, and evaluated the efficiency of the Ki-67 proliferation index.
Material and Methods
This study was conducted using the microscope slides of 72 patients (range 30-81 years; mean age 58.55±10.59 years) with GISTs that were sent to the pathology laboratory between 2007 and 2012. We obtained these slides from the archives and re-evaluated them via light microscopy. Appropriate blocks were then selected for immunohistochemical staining for CD117 (Product code: NCL; dilution ratio: 1/40), MMP-7 (Product code: ab38996; dilution ratio: 1/150), nestin (Product code: ab93666; dilution ratio: 1/200), and Ki-67 (Product code: NCL-MM1; dilution ratio: 1/150). Sections were prepared from the blocks and stained using a fully automated immunohistochemistry (IHC) device. After staining, the CD117, MMP-7, and nestin were scored as +, ++, or +++ based on the cytoplasmic and membranous staining patterns and intensity [11] [12] [13] . The statistical comparison of the positive distribution of the CD117, MMP-7, and nestin values were divided into two groups, one composed of the negative and +1 values, and the other of the +2 or more values.
The Ki-67 proliferation index rates were calculated by determining the total number of cells and the number of positive cells that displayed nuclear staining in 3 randomly selected 40× high-magnification areas. This index was scored by assigning a value of + for ≤1%, ++ for 1-10%, and +++ for >10%. In addition, + represented a tumor size of <5 cm, ++ represented a tumor between 5 and 10 cm, and +++ indicated a tumor of ≥10 cm. The depth of invasion was categorized as mucosal, submucosal, muscular, or serosal, and the growth pattern was identified as either expansive or infiltrative. Furthermore, the cell type was classified as fusiform, epithelioid, or mixed. Ulceration, necrosis, and bleeding were also noted as being either present or absent, and the tumor grade was classified as belonging to the low (L), intermediate (IM), or high (H) risk groups according to the risk categorization table prepared by Fletcher et al. [11] that was based on tumor diameter and number of mitoses.
Statistical analysis
Mann Whitney U tests and one-way ANOVAs were used to compare the ages of the patients between groups based on the assumed parametric distribution. Ages are presented as the mean ± standard deviation. Categorical variables were compared by Pearson, Yates, or Fisher chi-square tests and are presented as a count and percentage. Spearman correlation coefficients were used to determine the correlations between CD117, MMP-7, nestin, Ki-67 and the other parameters. The sensitivity and specificity of MMP-7 and nestin were calculated to compare their diagnostic performance to CD117 as the criterion standard. The IBM SPSS Statistics 20 (SPSS Inc., IBM Corporation, Armonk, NY, USA) and MedCalc 12.7.8 (MedCalc Software, Ostend, Belgium) programs were used to perform the analyses, and a p-value <0.05 was considered significant.
Results
The tumor was localized in the stomach in 42 of the patients (58.3%), the intestines in 19 patients (26.4%), the colon in 7 patients (9.7%), and the rectum in 4 patients (5.6%). Of the 3 risk groups, 28 (38.9%) patients were in the L risk group, 23 (31.9%) were in the IM risk group, and 21 (29.2%) were in the H risk group. The tumor was <5 cm in 33 of the patients (45.8%), 5-10 cm in 24 patients (33.3%), and >10 cm in 15 patients (20.8%). Four of the cases included epithelioid cells (5.6%), while 49 had fusiform cells (68.1%) and 19 contained mixed-type cells (26.4%). We also determined that cellularity was present in 53 cases (73.6%) and absent in the other 19 (26.4%). In addition, both ulceration and necrosis were present in 22 cases (30.5%), but absent in 50 (69.5%). Furthermore, we found that hemorrhage was present in 37 cases (51.4%) and absent in 35 (48.6%), whereas cytologic atypia was present in 19 cases (26.4%), mild in 39 cases (54.2%), and absent in 14 cases (19.4%). Seventeen (23.6%) of the GISTs were located in the submucosa, 19 (26.4%) were found in the muscle layer, and 36 (50%) appeared to have extended to the serosa. We also found that 63 (86.1%) of the cases were expansive, while only 10 (13.9%) were infiltrative.
For the immunohistochemical staining with CD117, 13 (18.1%) of the 72 cases were classified as +, 6 (8.3%) as ++, and 51 (70.8%) as +++, while 2 (2.8%) were negative for CD117 staining. In the L risk group, no staining was seen in 1 of the 28 samples (3.5%), 7 (25%) were classified as +, 2 (7%) as ++, and 18 (64.5%) as +++. In the 23 cases in the IM risk group, 1 (4.4%) tested negative, while 5 (21.7%) showed + staining, 4 (17.4%) had ++ staining, and 13 (56.5%) had +++ staining. Lastly, in the 21 samples in the H risk group, 1 (4.8%) had + staining and 20 (95.2%) showed +++ staining ( Figure 1) . Correlations of CD117 with the other groups (nestin, MMP7, and Ki 67) showed that the parameters of localization, and grade were statistically significant. However, no significant correlations were found between CD117 positivity and tumor 
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With regard to the immunohistochemical staining for MMP-7, 5 (6.9%) of the 72 cases were categorized as +, 29 (40.3%) as ++, and 37 (51.4%) as +++. One (1.4%) of the samples in this group was negative. In the 28 cases in the L risk group, 1 (3.5%) showed no staining, 2 (7%) had + staining, 19 (68%) indicated ++ staining, and 6 (21.5%) showed +++ staining. For the 23 cases in the IM risk group, 1 (4.4%) had + staining, 9 (39.1%) had ++ staining, and 13 (56.5%) had +++ staining. In the H risk group, which consisted of 21 cases, 2 (9.5%) were classified as +, 1 (4.8%) as ++, and 18 (85.7%) as +++ (Figure 2 ).
When testing for nestin, we found that 3 (4.1%) of the 72 cases showed + staining, 4 (5.6%) showed ++ staining, and 63 (87.5%) The diagnostic importance of matrix metalloproteinase-7 and nestin… © Med Sci Monit, 2014; 20: 674-680 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License had +++ staining. Two (2.8%) of the cases were negative for nestin. Of the 28 L risk group samples, 1 (3.5%) was negative, 2 (7%) showed + staining, 3 (10.5%) had ++ staining, and 22 (79%) had +++ staining. Of the 23 cases in the IM risk group, 1 (4.4%) was negative, 1 (4.4%) showed + staining, 1 (4.4%) had ++ staining, and 20 (86.8%) showed +++ staining. Finally, in the 21 cases in the H risk group, all of the samples (100%) were categorized as +++ (Figure 3 ). There were no statistically significant differences for patients' characteristics. For Ki-67, there were statistically significant differences for the localization, grade, cellularity, cytologic atypia, necrosis, hemorrhage, invasion depth, and tumor size, but not with the other patient characteristics (Table 1; Figure 4 ).
When we stained the samples for Ki-67, 37 (51.4%) of the cases were below 1%, 19 (26.4%) were between 1% and 10%, and 16 (22.2%) were above 10%. In the L risk group, 26 (93%) of the 28 cases showed <1% staining, and 2 (7%) had 1-5% staining. In the IM risk group, 10 (44%) of the 23 cases showed <1% staining and 13 had 1-10% staining. In the H risk group, only 1 (4.8%) of the 21 cases had <1% staining, whereas 4 had 1-10% staining and 16 showed >10% staining.
Correlation coefficients were calculated between the positive results for CD117, MMP-7, nestin, and Ki-67 with the tumor size, localization, grade, cellularity, cytologic atypia, ulceration, necrosis, hemorrhage, and invasion depth. For CD117, the correlations between the groups showed that tumor localization and tumor grade were statistically significant. For the MMP-7 correlations, the tumor grade, cellularity, cytologic atypia, ulceration, necrosis, and tumor size were statistically significant. For the nestin correlations, the tumor grade and tumor size were statistically significant, and for Ki67 all of the variables were significantly correlated (Table 2) . When correlations among CD117, MMP-7, nestin, and Ki-67 were examined, nestin and Ki-67 were both significantly correlated with CD117 and MMP-7 (Table 3) .
When the diagnostic performances of the MMP-7 and nestin results relative to CD117 were examined, the sensitivities were 92.98% and 98.25%, respectively, and the specificities were 13.33% and 26.67%. Both methods were strong at determining real positivity and weak at determining real negativity.
Discussion
Gastrointestinal stromal tumors usually remain silent until they reach a large diameter, and the symptoms they present with 
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at that point vary according to the tumor localization and dimension. These tumors usually manifest in conjunction with nonspecific symptoms such as abdominal pain, loss of appetite, nausea, anorexia, weight loss, fever, and obstruction. The patients may also present with life-threatening intraperitoneal hemorrhage as a result of massive bleeding due to a chronic or mucosal ulceration or rupture. In some patients, the mass may be palpable [14, 15] , and aggressive GISTs may produce metastases in the liver or anywhere in the abdomen [16] . To make an appropriate diagnosis, the GISTs need to be classified, and the prognosis is then determined according to the immunohistochemical and morphological characteristics of the tumor [17, 18] .
One of the most important properties used to describe GISTs is the expression of the C-kit protein because it is present in most of these tumors, and the immunomarker for C-kit expression is CD117 [19, 20] . As expected, we found that 70 of 72 of our cases tested positive for CD117.
It has been suggested that MMP-7 is excessively expressed in tissues with tumors and is related to other processes such as apoptosis, invasion, metastasis, and angiogenesis [21] . We found MMP-7 was positively expressed in 71 patients, with only 1 sample testing negative. Furthermore, correlations of MMP-7 with the other groups (nestin, CD117, and Ki 67) showed that the parameters of grade, cellularity, cytological atypia, ulceration, necrosis, and tumor size were statistically significant. However, no significant correlations were found between MMP-7 positivity localization, hemorrhage, or invasion depth. Similarly, in a study by Ding Li et al. [22] that included 68 GIST cases, they determined that the expression of the immunomarkers increased in line with higher Fletcher risk rates, and as a result, MMP-3 and MMP-7 staining increased.
Nestin is an intermediate filament involved in the proliferation and development of fetal and embryonic cells. It is also involved in the expression of adult stem and progenitor cell populations, including vascular endothelial, striated muscle, hair follicle precursor, islet precursor, and liver cells. In addition, nestin is reactivated in cases of trauma and other pathological conditions [23] [24] [25] [26] [27] . Enache et al. [28] found that 63 of the 81 patients in their study with GISTs tested positive for nestin. We found 70 of our 72 samples stained positive for nestin, with only 3 staining mildly, and 2 moderately. We identified significant correlations between the samples that tested positive for nestin and tumor grade and tumor size, whereas no significant correlations were found between nestin and localization, cellularity, cytologic atypia, growth pattern, ulceration, necrosis, hemorrhage, or invasion depth.
With GISTs, the mitotic rate is related to the prognosis. The immunomarker Ki-67 can be used to calculate a proliferation index [29] . In a study involving 113 patients with GISTs, Liu et al. [30] found that 74 (65.5%) tested positive for Ki-67. In our study, we found that 100% of our cases were positive for Ki-67. While significant correlations were found between the samples that tested positive for Ki-67, CD117, and nestin, no significant correlation was identified with MMP-7 positivity. In a study by Fletcher et al. [11] , increased Ki-67 proliferation index rates were seen with high-risk GISTs, and we similarly found that these rates became higher as the tumor grade increased.
The CD117 positive and negative groups were significantly correlated with those of Ki-67 and nestin, but there were no statistically significant correlations with other patient characteristics. There were also no patient characteristics correlated with the positive and negative MMP-7 groups.
Conclusions
Consistent staining with nestin and MMP-7 showed that these immunomarkers were sensitive to GISTs, regardless of the cell type and tumor grade. Additionally, positive correlations were seen with regard to nestin and MMP-7 and the tumor grade, which suggests that these markers might play an important role in the development of GISTs. Furthermore, Ki-67 should be evaluated as a prognostic factor in association with CD117, since it is used in the diagnosis of these tumors. Our findings also indicate that MMP-7 and nestin may be beneficial markers given their sensitivity to GISTs.
